The water operator plays an important role in water safety; however, little published research exists that has examined this role. The purpose of this study was to develop a greater understanding of the experience, existing knowledge, confidence and future training needs of the small, non-community drinking water operator in Ontario in order to help guide future outreach and training opportunities. A cross-sectional telephone survey of 332 small, non-community drinking water operators in Ontario was conducted in July and August 2011. Survey questions pertained to respondents' experience as operators, formal training, perceived importance of water safety issues, confidence in handling water safety issues, and future training needs. Approximately 16% (54/330) of respondents had one year or less experience as a water operator, and 60% (199/332) reported that being a water operator was not a chosen profession. Only 37% (124/332) of operators reported completing operator training. Respondents reported a preference for online training courses or on-site training (compared with a classroom setting). Low training rates, inexperience, and in certain situations, low confidence, among many small water system operators highlight a need to provide continued support to the development of ongoing training opportunities in this population. Key words | confidence, drinking water, experience, operator training, small, non-community drinking water systems, water operator Ontario ). Small, non-community drinking water systems are regulated by 'Ontario Regulation 319/08 Small Drinking Water Systems' (Government of Ontario ), 782 by guest W. Pons et al. | Experience, training and confidence among small, non-community drinking water operators
INTRODUCTION
The provision of safe drinking water is a significant challenge around the world in both large and small drinking water systems. Small drinking water systems are particularly vulnerable to contamination, as they often have fewer protective measures in place than large systems (Butterfield & Camper ) , and even in developed countries, pose a public health concern (World Health Organization ).
In Canada, approximately 15% of the population is serviced by small water systems (Moffatt & Struck ) . Ontario is Canada's most populous province, with a population of 13.5 million (Government of Canada ).
In Ontario, approximately 80% of the population gets their drinking water from a municipal drinking water source, while for the remaining 20%, their drinking water is supplied by a privately owned system (such as a private well), a designated facility (systems that provide water to people who may be more vulnerable to drinking water contamination, such as those using schools or children's camps), or a small, non-community drinking water system (a business that has drinking water available to the public and does not get their drinking water from a municipal drinking water system, such as those serving recreational camps, restaurants and trailer parks) (Drinking Water which are overseen by the Ontario Ministry of Health and Long-Term Care (MOHLTC) and local Boards of Health.
It is estimated that there are 9,000 small, non-community drinking water systems in Ontario (personal communication with T. Amalfa from the MOHLTC, November 2013). These systems serve both residential and transient populations;
however, the exact number of people served by these systems is unknown.
Many small water systems are found in remote and isolated locations and consequently face numerous challenges in reducing the risk of contamination. These challenges include the cost of operating a treatment system for a small number of consumers, poor access to operator training and low retention of knowledgeable operators (Rupp ; Jalba & Hrudey ; Moffatt & Struck ) . In 2000, an expert assessment of Ontario's water operators revealed that they were dedicated to their jobs but tended to lack training, faced funding limitations and had limited understanding of water treatment chemistry and regulatory requirements (Geldreich & Singley ) . These findings were especially pronounced in communities serving less than 1,000 people. In Ontario, operators of large municipal water systems are required to complete training and must hold a Drinking Water Systems Operator certificate (Government of Ontario ). However, training is not mandatory for operators of a small, non-community drinking water system (Walkerton Clean Water Centre ).
The water operator plays an important role in water safety, and operator training has been shown to be an effective tool to improve water quality and reduce illness. For example, Bowman et al. () found that performancebased training of small drinking water operators (serving communities <10,000 people) in the United States resulted in a statistically significant turbidity reduction in the supplied water. Hunter et al. () examined the effectiveness of a training intervention on water quality and diarrheal illness in a small rural community in Puerto Rico, and found that providing hands-on training to small water system operators resulted in statistically significant reductions in illness rates in the intervention community compared with a control community.
Operator ability is a key aspect in protecting the water supply (Bowman et 
METHODS

Study design
A cross-sectional telephone survey of small drinking water operators in Ontario, approved by the University of Guelph Research Ethics Board (REB#11MR009), was conducted in July and August 2011.
The sampling frame included operators of small drinking water systems, as defined by 'O. Reg 319/08 Small Drinking Water Systems', which had been inspected by a public health inspector as of March 2011. Business telephone numbers of the operators were obtained from the MOHLTC. This initial sampling frame included 2,454 small drinking water system operators geographically dispersed across the province of Ontario. After removing duplicate entries (n ¼ 454) and those with missing contact information (n ¼ 165), the total number of operators was 1,835. A sample size of 330 was determined a priori (calculated to provide 95% confidence, with a population size of 1,835 and the frequency of outcome factor in the population set at 50%); numbers were selected using a random number generator and calls were conducted until the 330 respondents was attained.
Eligible survey respondents spoke English, were either the person listed as the contact for the record, or an alternate person who was primarily responsible for operating a small drinking water system at the business.
Questionnaire development and administration
Initially, ten small drinking water system operators, randomly selected from the sampling frame, participated in semi-structured interviews to identify and refine meaningful topics, issues and common language that were used to develop the questionnaire. The data gathered during these interviews was not included in the final analysis. Five public health colleagues reviewed the questionnaire for further input; questions that were vague or difficult to understand were revised. 
Data analyses
The Pearson chi-square test was used to assess the association between how respondents became water operators and whether they had taken formal operator training, and to assess an association between how respondents rated the importance of weather conditions and what type of water system they oversaw (ground water vs. surface water). A Spearman correlation was used to assess the association between years of experience and operator confidence. All statistical analyses were conducted with SPSS version 19.0 (SPSS Inc. ).
RESULTS
Response percentage
A total of 1,835 numbers were attempted at least once. Of these, 805 operators were reached; 317 were ineligible for the study, this included respondents that did not have a small drinking water system (227), wrong number (78), the business was no longer in operation (7), or a language barrier (5); 152 people refused to participate; four people did not complete the survey; and 332 completed the survey, yielding an overall response rate of 22% (332/ 1518). Of eligible operators that were successfully contacted, 68% (332/486) agreed to participate in the survey. The 1,030 numbers that were not reached were either busy/no answer/ answering machine (1,027) or the business was closed for the season (3).
Respondents were uniformly distributed across the province when assessed by telephone area codes and an assessment of the water source used by the survey respondents was found to be representative of all small, non-community water systems in Ontario (Table 1) .
Water system characteristics
Seventy-seven per cent (254/332) of the water systems utilized ground water; 13% (43/332) surface water; 8% (27/332) a Table 2 .
Operators' years of experience ranged from less than 1 year to 60 years, with a mean of 11.1 years and a median of 7 years. The majority of operators, 70.7% (234/ 331), were responsible for overseeing only one water system, while 29.3% (97/331) reported that they were responsible for two water systems. When asked how they became a water operator, nearly 60% (199/330) reported that they were the operator because they were the owner of premises with a small drinking water system and they did not employ a professional for the task; 24% (80/330) reported that they were not owners of the system and their role as a water operator was one of many responsibilities of their job; 7.5% reported it was their specifically chosen profession (25/330), and another 8% stated it was a volunteer position (26/330).
Water safety perceptions
Respondents were asked to rate the importance of water safety issues ( having regular access to a computer with internet access.
Operator confidence
Respondents were asked to rate their confidence in dealing with a list of water issues that a water operator may face. Respondents' years of experience as a water operator was positively correlated with their confidence score (Spearman's correlation coefficient ¼ 0.201; p < 0.001).
Most operators reported feeling very confident in managing
DISCUSSION
This study used a cross-sectional telephone survey of small The primary findings of this study were that the majority (63%) of respondents had not taken water operator training, that confidence increases with years of experience as a water operator, and that barriers to education and training Standards ). The regulation of these systems was based on size and capacity, and required the owners to take legal responsibility for these systems. This created a knowledge gap as many of the small drinking water system operators in Ontario did not have extensive experience in maintaining their water system. Before inspection of these systems began in 2009, there was concern among regulators, public health professionals and water operators that requirements to meet the legal standards would be prohibitive, since the water system owners would bear the full cost of meeting these requirements (Advisory Council on Drinking Water Quality and Testing Standards ). The present study found 77% of operators believe the legal requirements are there to improve water safety, while 56%
believed that conducting the required water sampling associated with the regulation of these systems was a hassle.
At the time of this survey, many respondents had not been a water operator for very long, with 40% of respondents having five years of experience or less; only 37% of all operators had taken training in support of their role.
Those with more experience felt more confident in their knowledge and abilities than those with less experience. Furthermore, those with more experience tended to be those that had chosen small drinking water operation as a profession and felt confident in responding to adverse water conditions and events. A meta-analysis by McDaniel et al.
() found a significant correlation between work experience and job performance across a diverse sample of 83 occupation groups; however, individual ability can also be enhanced with job-specific training (Weekley & Jones ) and should be encouraged among water operators.
The large number of operators with relatively little experience coupled with low training rates may be cause for concern, although an association with poor water quality was not assessed here. Given the strong correlation between training and improved water quality found by others (Bowman et al. ; Hunter et al. ) , training should be an important goal for all small, non-community water operators in Canada. Training helps to ensure that the person maintaining the water system is able to recognize risks to the water system and understands the steps needed to provide safe drinking water to their consumers on an ongoing basis, regardless of the past performance of the water system. Even a water supply with historically good water quality cannot be guaranteed to continue to be free of contamination ( Jalba & Hrudey ) . Training in drinking water system operation and adaptation to potential threats such as extreme weather events could influence the operators' perception of these risk factors.
In 
LIMITATIONS
Respondents were informed that this study was being conducted by the University of Guelph, the Walkerton Clean Water Centre and the MOHLTC; this may have increased the potential for socially desirable response bias when asked to rate water safety issues or the respondents' view of legal requirements. Since this study was limited to Ontario, these results may not be generalizable to water operators in other jurisdictions, particularly where regulation of small drinking water systems is substantially different. 
